Aims The spatial and statistical distribution of genome sizes and the adaptivity of genome size to some types of habitat, vegetation or microclimatic conditions were investigated in a tetraploid population of Festuca pallens. The population was previously documented to vary highly in genome size and is assumed as a model for the study of the initial stages of genome size differentiation. † Methods Using DAPI flow cytometry, samples were measured repeatedly with diploid Festuca pallens as the internal standard. Altogether 172 plants from 57 plots (2 . 25 m 2 ), distributed in contrasting habitats over the whole locality in South Moravia, Czech Republic, were sampled. The differences in DNA content were confirmed by the double peaks of simultaneously measured samples. † Key Results At maximum, a 1 . 115-fold difference in genome size was observed. The statistical distribution of genome sizes was found to be continuous and best fits the extreme (Gumbel) distribution with rare occurrences of extremely large genomes ( positive-skewed), as it is similar for the log-normal distribution of the whole Angiosperms. Even plants from the same plot frequently varied considerably in genome size and the spatial distribution of genome sizes was generally random and unautocorrelated (P . 0 . 05). The observed spatial pattern and the overall lack of correlations of genome size with recognized vegetation types or microclimatic conditions indicate the absence of ecological adaptivity of genome size in the studied population. † Conclusions These experimental data on intraspecific genome size variability in Festuca pallens argue for the absence of natural selection and the selective non-significance of genome size in the initial stages of genome size differentiation, and corroborate the current hypothetical model of genome size evolution in Angiosperms (Bennetzen et al., 2005, Annals of Botany 95: 127-132).
INTRODUCTION
Changes in genome size are generally accepted as an important evolution mechanism in plants, and numerous recent works have reported evolutionary significant differences in genome size at family, generic and specific levels (Bennett et al., 2000; Voglmayr, 2000; Obermayer et al., 2002; Bureš et al., 2004b; Jakob et al., 2004; Bennett and Leitch, 2005; Kapraun, 2005; Leitch et al., 2005; Price et al., 2005; Ricroch et al., 2005; Bancheva and Greilhuber, 2006; Weiss-Schneeweiss et al., 2006) . Considerable differences in genome size are also documented among species groups of different life forms and ecology (Bennett, 1972; Grotkopp et al., 2004; Hiremath and Nagasampige, 2004; Chase et al., 2005; Knight et al., 2005) . An important part of genome size studies is the question of the existence of intraspecific variability, which can play a key role in the understanding of the process of genome size diversification in closely related species. Numerous works have reported intraspecific genome size variability over the last 40 years (cf. Ohri, 1998; Suda, 2004; Greilhuber, 2005) . However, doubt has been cast over some of these studies due to potential instrument and methodical errors, as argued by Greilhuber (1998 Greilhuber ( , 2005 . Intraspecific genome size differences were found especially among geographically distant populations or among populations growing in contrasting macroclimatic conditions (Ohri, 1998; Knight et al., 2005 , and citations therein). Significant relationships for intraspecific genome size have been found with altitude, latitude, temperature, precipitation, seed mass, moisture and leaf anatomical traits; however, the trends in different taxa may differ (cf. Knight et al., 2005) . Available knowledge of the initial stages of genome size differentiation, on a small geographical scale and intrapopulation level, is still very poor and does not enable us to answer effectively questions regarding the origin of such differences, their microevolutionary importance and the role of natural selection in their stabilization.
Important intraspecific and also intrapopulation variability was documented in Dasypyrum villosum by Caceres et al. (1998) , who found higher (11 . 5 % at maximum) intrapopulation genome size variability particularly in populations from higher altitudes; however, it is necessary to note that the methods and the accuracy of the results of this work were later questioned by Greilhuber (2005) . Zoldoš et al. (1998) reported variation of DNA content within one population of Quercus petraea to be related to the presence of B chromosomes. Intrapopulation differences in genome size of up to 23 % were detected in Dactylis glomerata from Slovenia (Vilhar et al., 2002) and some minute microgeographic differences were also documented in Ceratonia siliqua from Israel (Bureš et al., 2004a) . Considerable intraspecific and even intrapopulation genome size variability has been recently observed in several Festuca species Š marda and Bureš, 2006) . The largest differences in genome size of Festuca pallens were observed between distant populations across the whole natural range (1 . 17-fold in diploids and 1 . 164-fold in tetraploids), and significant variability was also shown within separate canyon or hill systems and frequently also within populations (Š marda and Bureš, 2006) . In the most variable tetraploid population from MikulovSv. Kopeček (Czech Republic, Pálava Hills), the maximum 1 . 121-fold difference in DNA content was almost in the same range as within all the other tetraploid populations (1 . 148-fold difference; Š marda and Bureš, 2006, fig. 3 ). Due to the high variability detected and the contrasting habitat conditions, this locality was chosen as a model for the analysis of microgeographic genome size differentiation, and the role of ecological adaptivity of genome size at the intrapopulation level.
The present work focused on a detailed intrapopulation study of genome size, completing the previous survey of variation in Festuca pallens, investigated on global, landscape and local spatial scales (Š marda and Bureš, 2006) . The following questions were addressed. (1) What is the range and the statistical distribution of genome size in this population? Is there any prevalent genome size category? (2) What is the spatial distribution pattern of genome size in this microclimatically and ecologically contrasting locality? Is it random or do plants with higher/lower genome size tend to concentrate in some specific parts? (3) Is the genome size adaptive to some types of habitat, vegetation or microclimatic conditions?
MATERIAL AND METHODS
Model species and the locality Festuca pallens (Poaceae, Gramineae) is a perennial, allogamic, wind-pollinated (Auquier, 1977) , tussock-forming species, growing on relict rocky outcrops, rocky slopes and rock cliffs. Its distribution is restricted to Central Europe (from northern France to southern Romania) where typically it can be found on the slopes of river canyons, valleys and gorges in rocky highlands and steppe hills in lowlands, at altitudes from 100 to 1500 m a.s.l. The studied population belongs to the Pannonian tetraploid type (cf. Tracey, 1980; Š marda and Kočí, 2003; Š marda and Bureš, 2006) ; in a narrow taxonomic concept treated recently as Festuca csikhegyensis Simonk. [syn. Festuca glaucina (Stohr) Stohr; Š marda et al., 2007] .
The Svatý Kopeček is an isolated limestone hill situated above the town of Mikulov on the south edge of the Pavlov Hills (South Moravia, Czech Republic). The altitude ranges from 250 to 360 m a.s.l. The microclimate and edaphic conditions differ sharply according to the orientation of the slopes (shady, humid on those facing north vs. sunny and xeric on those facing south-west) and the inclination of the land (flat terrain to vertical slopes). About 35 % of the hill is extremely rocky and these parts are covered with various types of dry grasslands: (1) dry rocky outcrops with Festuca pallens, Poa badensis, Fumana procumbens and Helianthemum ovatum (scattered on south and southwest exposed slopes); (2) dry rocky F. pallens steppe (south and south-west slopes); (3) Stipa capillata and S. pennata steppes (south-east slopes); (4) Festuca valesiaca steppe (central, flat part); (5) mesophilous rocky steppe (south-east exposed slopes and in the central part); (6) mesophilous rocky outcrops with Koeleria macrantha and frequent ephemerals (south-east exposed slopes and in the central part); (7) forest fringe grasslands (central flat part); and (8) Sesleria albicans grasslands (mostly west and north exposed slopes). Festuca pallens occurs frequently in all rocky grassland communities except for the forest fringes and the Stipa and Festuca valesiaca steppes.
Vegetation and habitat data sampling
Plants were collected from 57 plots, which were distributed regularly over all parts of the locality, and from all types of the plant communities occupied by F. pallens (Fig. 1 ). The sampling plots had an area of 2 . 25 m 2 (usually 1 . 5 Â 1 . 5 m). Three of the most morphologically contrasting tufts of F. pallens were collected from each sampling plot. A part of the sampled tuft was prepared as a herbarium specimen and stored at the Herbarium at the Department of Botany, Masaryk University in Brno (BRNU). The remaining part was stored in a plastic bag for subsequent genome size measurements. All samples were collected over 4 days.
The main gradients in the ecologic conditions at the locality seem to be most comprehensively expressed by the actual vegetation cover, and this complex character was chosen as the main descriptive character of the ecologic conditions for the sampling plots. The vegetation cover of all sampling plots/areas was documented by phytosociological relevés, recorded using the Braun -Branquet approach (Westhoff and van der Maarel, 1978) . Species cover was estimated on the nine-degree Braun -Blanquet scale (Westhoff and van der Maarel, 1978 ; see Supplementary Information 3, available online). For all sampling plots, the total vegetation cover, cover of mosses, cover of bare rock, and the slope exposition were also recorded (see Supplementary Information 2, available online). Coordinates of the plots (WGS-84 system) and altitudinal data were obtained using a Garmin Ltd 'Etrex' GPS instrument. The treatment of taxa follows Kubát (2002) .
Genome size estimations
Genome size was estimated by flow cytometry with DAPI staining. Measurements were carried out at the Institute of Botany and Zoology, Masaryk University in Brno using the same methods and the same instrument (PA-I Partec ploidy analyzer) as have been previously described for measurements of intraspecific genome size variability of Festuca pallens (Š marda and Bureš, 2006) . The only modification was the use of a single internal standard, a single tuft of diploid Festuca pallens (sample F1229; 2n ¼ 14; Š marda and Kočí, 2003), instead of two standards in the previous study. The earlier study of Festuca pallens (Š marda and Bureš, 2006) indicated high resolution of flow cytometry measurements with ATselective DAPI dye for precise determination of intraspecific genome size variability. The two extreme samples originating from the studied population in Mikulov -Sv. Kopeček were demonstrated to differ in genome size by simultaneous measurements resulting in clear double peaks, with a similar peak distance as in the separate sample measurements (Š marda and Bureš, 2006, fig. 4B ). This study also demonstrated a high correlation of the results of base-specific DAPI staining and intercalary propidium iodide staining, as indicated by the results of several other studies (Bureš et al., 2004b; Vizintin et al., 2006) , and the repeatability of the results obtained in Festuca pallens in different seasons. Use of the same method in the same taxon enables us to avoid potential biases caused by instrument errors and the concentration of cytosolic compounds (cf. Noirot et al., 2000; Loureiro et al., 2006) . Samples were measured in random order, each two or three times, on different days. The final standard/sample ratio was calculated as an average (see Supplementary Information 1, avaialable online). A total of 5000 cells were analysed in each measurement. The average coefficient of variance (CV) of all sample and standard peaks of all measurements was 1 . 82%. The results were verified by the simultaneous measurement of some of the most contrasting samples and the differences in DNA content were demonstrated as a clear double peak (Fig. 2) .
Statistical treatment
The normality of the distribution of genome sizes of all samples investigated, and data of all Angiosperms in the Plant DNA C-value database (4427 entries; Bennett and Leitch, 2005) was tested using the Shapiro -Wilk W-test. Kolmogorov -Smirnov D-statistics (K-S D; the largest absolute difference between the observed and expected distributions) was further used to find the best distribution model among the following distribution functions: extreme value, non-normal, log-normal, normal, Weibull, Rayleigh and exponential.
To test the existence of a spatial gradient in the distribution of genome size among sampling plots, the matrix of paired-interplot geographical distances and the matrix of paired-interplot differences in a parameter of genome size were compared using the Mantel test in the PopTools 2 . 6 . 9 program (Hood, 2005) . Four genome size parameters of plots were analysed: the average genome size of samples, genome size variability among samples, and maximum and minimum observed genome size. Significance of the test was calculated as one-tailed, based on 10 000 permutations. The spherical geographic distance of plots was calculated from the co-ordinates and altitudinal data using the ArcMap program (ESRI Inc., 2004) .
The existence of a spatial autocorrelation of genome size was further inspected using the weighted Moran's I autocorrelation statistics and Moran correlogram, both calculated using the CrimStat III program (Levine, 2004) . Analysis was conducted with all 171 tetraploid samples and with the four genome size characters of the 57 plots sampled. As only the co-ordinates of the plots themselves were available, individual co-ordinates for samples from the same plot were generated randomly +1 . 5 m around these to obtain non-zero distances in any sample pair. Distances between samples were calculated from the co-ordinates using the CrimStat III program as the 'great circle' distances. Ten (all samples) or six ( population characters) distance classes of equal-distance ranges were compared using a Moran correlogram. One thousand Monte Carlo simulations were used to estimate the approximate confidence intervals for the actual value of Moran's I in the correlogram. The significance of global Moran's I for the whole data matrix was based on a randomization assumption.
In order to test the existence of adaptivity of genome size to selected ecological conditions, as a first step, we looked for a correlation between genome size parameters and the main gradients in the actual vegetation. For this purpose, the matrix of paired interplot differences in each parameter of genome size (four parameters, as mentioned above) and the matrix of paired interplot dissimilarities in vegetation cover ( phytosociologic relevés) were compared using a Mantel test. The Bray -Curtis index ( percentage difference) was chosen to measure the dissimilarity of phytosociologic relevés. For an alternative hypothesis, we tested the difference of the four selected genome size parameters in several different types of vegetation. Phytosociologic relevés representing the vegetation of the plots were classified into the main vegetation types using hierarchical clustering, following the approach of Botta-Dukát et al. (2005) . Principal co-ordinates analysis (PCoA; Legendre and Legendre, 1998) was performed on the original dissimilarity matrix used above. Because only the first few ordination axes in such an analysis contain interpretable ecological information (Botta-Dukát et al., 2005) , the number of ordination axes was reduced. To establish the number of interpretable axes, the eigenvalues were compared with random expectations based on the broken-stick model (Jackson, 1993; Legendre and Legendre, 1998: p. 410) . In this case the first 12 axes proved to be significant. They explained 74 . 73 % of the total variation in the data set; hence, nearly a quarter of the total variation proved to be noise. The co-ordinates along the 12 significant axes of PCoA were used instead of the raw data as input for the classification. Ward's algorithm of minimum increment of sum-of-squares was used for dendrogram construction (Ward, 1963; Legendre and Legendre, 1998) and group classification. Five vegetation groups and one group of outliers were established: (1) dry, rocky outcrops with Poa badensis; (2) dry, rocky steppe; (3) mesophilous rocky steppe; (4) Sesleria albicans grasslands; (5) mesophilous rocky outcrops; and (6) outliers. The differences of the four genome size parameters within these groups (both including and excluding the group of outliers) were tested using non-parametric Kruskal -Wallis ANOVA.
As a second step, we attempted to find relationships between genome size and several additional habitat data: altitude; deviation of slope expositions from north and south-west, corresponding to the incident solar radiation intensity; cover of shrubs, herbs, mosses and bare rock; total number of species recorded in the plot; and cover of F. pallens, corresponding to its relative fitness. Because of the non-normality of most of these characters, we used Spearman's rho non-parametric correlation for nonnormally distributed and semi-quantitative data, and Kendall's tau b corrected for ties for semi-quantitative characters with many tied observations. Common statistics and statistical tests were calculated using the Statistica software system (Statsoft Inc., 2005) and SPSS 8 . 0 program (SPSS Inc., 1998). Ordination and clustering methods were calculated using the SYN-TAX 2000 program (Podani, 2000) .
RESULTS

Variability range and statistical distribution
Of the 172 plants investigated, 171 were found to be regular tetraploids, as previously documented from this locality by Š marda and Kočí (2003) and Š marda and Bureš (2006) . One hexaploid plant, without any evident morphological differences from the tetraploids, was documented (Fig. 1) . Because of the uniqueness of this sample and the lack of any other material to which it can be compared, it was omitted from the analyses. A maximum 1 . 115-fold difference in genome size was observed in the 171 tetraploid samples from the studied population ( Fig. 1 ; see Supplementary Information 1, online); further statistical parameters are indicated in Fig. 3 . The difference of some of the most contrasting samples was demonstrated as a clear double peak in the simultaneous measurement of both samples (Fig. 2) , which was in a similar range to the difference between samples obtained by individual measurements (e.g. 1 . 106-fold difference shown in Fig. 2 com-pared with a 1 . 098-fold difference for the same samples in individual measurements, Supplementary  Information 1, online) .
The statistical distribution was found to be continuous and fits best to the extreme (Gumbel) distribution (K -S D ¼ 0 . 039; Fig. 3 ). The histogram of genome sizes has a conspicuous central tendency and is slightly positively skewed (Fig. 3) , in which manner it differs from the normal distribution (P , 0 . 001). In comparison, the distribution of genome sizes in the whole Angiosperms is much more extremely positively skewed and fits best to the log-normal distribution (K -S D ¼ 0 . 058).
Spatial distribution pattern
Even samples from the within the same plot were frequently found to vary considerably in genome size, and the total variability between plots was nearly the same as within plots (ANOVA, F ¼ 1 . 028; P ¼ 0 . 441). This result itself argues for the absence of a global, small-scale spatial correlation of the data. In addition no global spatial relation was found among the sampling plots in the distribution of: (1) average genome size in a plot; (2) standard deviation of genome sizes within a plot; (3) plants with the highest genome size within the plot; or (4) plants with the smallest genome size within the plot (Figs 1 and 4) . FIG. 4 . Spatial pattern of genome size parameters of the 57 sample plots. The diagrams show the mean genome size per population (Mean), the standard deviation of genome size among the samples from the same plot (S.D.), the genome size of the sample with the highest genome size in the plot (Maximum), and the genome size of the sample with the smallest genome size in the plot (Minimum). The plots were sorted in increasing order according to the genome size parameter shown and divided into six categories (9 þ 9 þ 10 þ 10 þ 10 þ 9 samples), to which the size of the circles correspond. The global Moran's spatial autocorrelation index (Moran's I) for the genome size of all the 171 tetraploid samples and for all four genome-size characters of all 57 plots was clearly non-significant for the overall locality (P . 0 . 05). Similarly, the spatial autocorrelation in distribution of genome size from any of the distance classes in the Moran correlograms did not differ from the random one (e.g. Fig. 5 ).
Ecologic adaptivity
No significant correlation was found between the gradient in ecologic conditions (vegetation cover) and any of the four selected genome size parameters of F. pallens (P . 0 . 1). In addition, no significant global differences were found among the five vegetation types recognized (both including and excluding outliers), and the four investigated genome size parameters ( Fig. 6 ; P . 0 . 05). The only notable negative correlations appear between the altitude and maximum genome size observed in plots; however, this was non-significant when the Bonferoni adjustment for multiple comparison experiments was applied (Table 1 ). This correlation is caused mainly by three populations with rather high genome sizes situated in the south-westernmost, bottom part of the Sv. Kopeček Hill ( populations 02, 10 and 13). Although the extreme climatical conditions of south-western rocky sites gives reasons for speculation about the existence of a local optimum for survival of F. pallens here, we rather assume this situation to be a sampling artefact. From the global point of view, genome size of F. pallens at this locality does not seem to be adaptive to any habitat parameter or vegetation type.
DISCUSSION
The maximum 1 . 115-fold difference in the range of genome size observed in this study was very similar to the 1 . 121-fold difference observed previously in this population by Š marda and Bureš (2006) . The double peaks from the simultaneous measurements of the most-contrasting samples at this locality (Š marda and Bureš, 2006, fig. 4B ; this study, Fig. 2 ) clearly verify the high intrapopulation differences in genome size. The repeated measurements and low coefficients of variance (1 . 82 % on average for all measurements) guarantee that the sample genome size estimations are reasonable and that the observed pattern of genome size distribution is credible.
Potential causes of the variability: transposable elements
The reason for the observed genome size variability may be because of different mechanisms of retrotransposon proliferation and deletion, which have caused the majority of recent genome-size variability in Angiosperms (Bennetzen et al., 2005) . The transposons represent an important part of the grass genome, which is otherwise relatively constant (Devos and Gale, 2000; Gaut et al., 2000; Gaut, 2002) , being composed of about the same 30 chromosome blocks rearranged in the genomes of all grasses (Devos and Gale, 2000; Caetano-Anolles, 2005) . Most of the differences in genome size found in grasses are caused by the different frequency and activity of transposable elements (Gaut, 2002; Bennetzen et al., 2005; Jones and Pasakinskiene, 2005) . The genome-size differentiation by transposons is caused by small cumulative changes of DNA content, including almost equal amplifications and deletions (Bennetzen et al., 2005) . In Hordeum spontaneum, the activity of retrotransposons may differ in contrasting microhabitat conditions (Kalendar et al., 2000) , which may be the case in such a contrasting locality as that examined in the present study.
Potential causes of the variability: B chromosomes
The influence of the presence of B chromosomes on the observed pattern would be expected to be minor. B chromosomes are frequently reported in Festuca (cf. Jones and Díez, 2004) ; however, their frequency in Festuca pallens seems to be low. Only a single B chromosome was reported as occurring in several plants by Š marda and Kočí (2003) , whilst the 1 . 115-fold difference observed here would need to be caused by the addition and presence of four B chromosomes (calculating the same DNA content for B chromosome as for the normal A chromosome). In addition, the considerable intraspecific genome size variability found within Festuca pallens plants with no Bs indicates that the majority of genome size variability in Festuca pallens is probably generated by another mechanism (Š marda and Bureš, 2006) . Moreover, recent studies have indicated that B chromosomes may be a regular complement of genomes derived from A chromosomes (Jones and Houben, 2003 chromosomes may interchange (Nokkala and Nokkala, 2004; Ribeiro et al., 2004) and variability in B chromosomes can probably be included within regular genome-size variability.
Ecological adaptivity
The statistical distribution of genome sizes found in the study population (Gumbel extreme distribution) is in some aspects similar to the log-normal distribution of genome sizes typical of the whole Angiosperms. Both distributions are positively skewed, which in practical terms means that large genomes occur more rarely. This situation may be either the result of processes of genome-size expansion being rare, or the result of a negative selection for plants with large genomes. The potential role of negative selection of large genomes and several ecological, evolutionary and phenotype constraints of large genomes have recently been documented by Knight et al. (2005) . Many correlations of genome size with ecological and physiological characters generally argue for ecological adaptivity of genome size as a whole (cf. Knight et al., 2005) . However, present assumptions are based on data from interpopulation and Box-plots show the median (-), the 25-75 % quantile range (box), non-outlier range (whiskers), and outliers (circles).
interspecies levels and thus need not necessarily be applicable at the intrapopulation level. In a previous study on Festuca pallens, the influence of several ecological microhabitat characters on genome size was shown to be minor (Š marda and Bureš, 2006) ; this fact is corroborated by the present intrapopulation study. Although some correlations appear between maximum genome size and genome-size variability with the altitude of plots, it would not be expected that the altitudinal differnece of 90 m in the present study would significantly affect the distribution of genome sizes. As indicated by detailed analysis, the existence of a gradient in the distribution of genome size in the south-western part of the locality and the overall correlation of genome size with altitude were caused by three plots with large genome sizes situated on the bottom part of the slopes. Although this may not be excluded as a case of local adaptivity or local natural selection, we have no further support for this and instead assume it to be a mathematical or sampling artefact. Based on the current observed random spatial distribution of genome sizes, and in view of the overall lack of correlations of genome sizes with habitat conditions, genome size seems to be non-adaptive in the studied population.
Selective significance
Current theory presumes that genome size cannot be of selective significance in the initial stages of genome-size diversification (Gregory, 2001; Bennetzen et al., 2005) . Bennetzen et al. (2005) considered that genome size within a population could be accumulated exclusively by small and chance differences of transposon activity and similar variability in mechanisms for DNA removal, and that these differences could lead to a large degree of genome-size variation in an environment where genome size is not of selective significance. Major differences in genome size appear, and the role of selection becomes important, only when the environment of such populations changes dramatically (Bennetzen et al., 2005) . In a longterm, environmentally stable population, this process may result in a continuous distribution of the genome size in which the frequency of both deviations from the common genome size, i.e. larger or smaller genomes, will occur with decreasing frequency. This expected model is very similar to the real statistical distribution of genome sizes in the Mikulov -Sv. Kopeček population studied here.
Another consequence resulting from the hypothesis of Bennetzen et al. (2005) is that relict populations, growing in long-term, stable environmental conditions, may preserve higher genome-size variability. With the exception of the highly variable population of Festuca pallens from Mikulov, Š marda and Bureš (2006: table 1) found the variability of the other four populations in the Pálava Hills to be very low. Of the localities in the Pálava Hills, Mikulov is the largest rocky steppe with extreme xeric conditions (especially on south-western exposed slopes), providing relatively stable conditions, which also allow the habitat's survival during cold climate periods. Compared with the other important rocky steppes and localities studied by Š marda and Bureš (2006) , the steppe in Mikulov preserves several relicts of of this habitat (e.g. Stipa eriocaulis, Iris humilis subsp. arenaria, Fumana procumbens, Globularia bisnagarica, Orobanche artemisiae-campestris), which are lacking or are only rarely distributed in the rest of the Pálava Hills. This fact may indicate that the locality is really more relict and has experienced more long-term stable environmental conditions than the remainder of the Pálava Hills, and that the variability in genome size may reflect the history of the locality. Š marda and Bureš (2006) found that plants of Festuca pallens with larger genomes prevail in relict habitats and in refugial areas in the south-western parts of its natural range (covered by periglacial steppe at the end of last Ice Age), these being areas with relatively long-term conserved environments. In light of the previous discussion and the hypothesis of Bennetzen et al. (2005) , negative selection for larger genomes during the large environmental changes of the last Ice Age is one of the possible reasons for this situation.
Although recent experimental data on intraspecific genome size variability in Festuca pallens (Š marda and Bureš, 2006 ; this study) corroborate the current hypothesis of genome-size evolution in Angiosperms (Bennetzen et al., 2005) , this is practically the only example avaialable, and further studies are needed to better confirm these conclusions.
SUPPLEMENTARY INFORMATION
Supplementary information is available online at http://aob. oxfordjournals.org/, and shows (1) the results of the flow cytometry measurements; (2) the characters of the plotsrelative genome size data, geographical coordinates, None of the correlations are significant, even at P , 0 . 4, after applying Bonferroni adjustment (separately for each correlation coefficient used).
